I. INTRODUCTION
Economic stagnation, even decline, has characterized most African countries over the last two decades. Poor performance in the main economic sectors, particularly agriculture which in most cases grew much slower than population, has led to a decline of per capita income. Efforts to bring the countries' economies back to the growth path have led to renewed interest in the role that the agricultural sector can play in the economic recovery of African countries.
Available evidence lends strong support to the close relationship between agricultural development and overall economic growth. Recent results obtained by Delgado et al. (1994) , show that an initial increase in rural incomes in a set of African countries is amplified through growth multipliers averaging 2.0 and higher. Furthermore, agricultural 1 multiplier estimates obtained by other authors (for example, Haggblade et. al. 1989 ) range from 1.5 to 2.7 and are comparable to estimates for Asian countries which range from 1.5 to 2.4.
Because of the high marginal expenditure shares for food, consumption linkages play the main role in agricultural growth multiplier effects (Haggblade et al., 1989; Haggblade et al., 1991) . This implies that increments to income have to be widely-spread for the growth multiplier process to assume importance. At the current level of development of African economies, only agriculture-based activities can bring about broad-based increases in per capita income. In addition, sustaining the process of growth will call for improved competitiveness and greater responsiveness in the domestic consumer goods sector, as expenditure patterns shift in favor of the latter. This puts promotion of appropriate technology in agriculture and the creation of an enabling environment at the center of the challenge facing African countries. Government's role is critical for the creation of basic infrastructure such as roads, rural electrification and water supply, human capital formation and creation of research and extension systems.
The purpose of this paper is to examine recent experiences in trying to introduce intensified agricultural production systems in the humid and sub-humid tropics of Africa (HST), and the difficulties caused by inadequate infrastructure and inappropriate nature of most of the improved technologies offered to farmers in the past.
The paper first examines the record of economic growth of HST countries and their experience with intensified agricultural development, in particular the level of development of the rural infrastructure needed to support use of intensified agricultural systems, and the All individual country data presented in this paper for countries with only a portion of their 2 landmass in the humid Forest and Moist Savanna zones (Madagascar, Mozambique, Nigeria and Tanzania) are national averages, except for total population and land areas. Regional averages are weighted averages using the proportion of the countries population or land area in the two zones. level of adoption of improved agricultural technologies. Then it looks forward two to three decades, examining the prospects for creating the enabling conditions for intensified agricultural development using new "green revolution" technologies currently being produced by research institutions. In the final section conclusions are drawn regarding the types of technologies needed to fuel agricultural development in the future, and the steps that should be taken to develop such technologies.
The forward look in this paper at agricultural technology needs in the next two to three decades, and the focus on one or two agro-ecological zones marks a growing recognition of the importance of differences between ecological zones, and the need for greater attention to research at the sub-regional level.
INTENSIFIED AGRICULTURAL DEVELOPMENT IN THE HUMID AND SUB-HUMID TROPICS (HST)

CHARACTERISTICS OF THE HST
The HST encompasses about 650 million hectares, or about a third of the agricultural land area of sub-Saharan Africa (Figure 1) , and contains about 200 million people, roughly half the population of SSA (IITA, 1992) . It consist of all the coastal countries of West and Central Africa, starting from Guinea Bissau and running through Zaire, with 3/4 of Nigeria, about half of Mozambique and Madagascar and a third of Tanzania in East Africa . It can 2 be sub-divided into two zones.
The growing period starts in the month in which rainfall is equal to or greater than half the 3 potential evapo-transpiration (PET) and rainfall in the subsequent month > PET; and ends in the month in which rainfall + stored soil moisture < 1/2 PET. This is based on the assumption that soil water holding capacity = 100mm. become more important in the wetter parts. Population density is also quite varied in the zone. Fallow periods are declining and are non-existent in some areas, although bush fallow is still the usual method of restoring soil fertility. The zone is generally regarded as one with a high potential for cereal crop production.
RECORD OF ECONOMIC DEVELOPMENT
From the middle of the sixties to the middle of the eighties, agricultural growth in African countries averaged 2 percent, turning sharply downwards towards the end of the period, compared with growth rates of around 3 percent for developing Latin American and Asian countries. During the same time, per capita GDP in African countries grew by less than 1 percent, compared to 1.5 percent for Latin American countries and 2.5 and 5 percent respectively, for East and South Asian countries (World Bank 1989 . The HST has
Although it is impossible to say that the green revolution would not have taken place in 4 Asia and Latin America without the levels of irrigation and rural transport infrastructure that existed in those countries in the 1950's, it is true that the green revolution did not occur in countries with significantly lower levels of rural infrastructure.
not performed any better than SSA as a whole (Table 1) although it has not suffered from the droughts that have plagued the dryer Sahelian and Sudanian zones ( Sanders, 1993 
RECORD OF INFRASTRUCTURE DEVELOPMENT
Rural infrastructure, comprising rural roads, markets, irrigation systems, water supply, health and educational facilities, are basic to quality of life in rural areas, and are important facilitators of economic development (Ahmed and Donovan, 1992) . Many types of infrastructure have critical roles to play in any agricultural development strategy for Africa (Cleaver, 1993) . However, a detailed review of all aspects or rural infrastructure is outside the scope of this paper, so we concentrate on rural transport and irrigation systems.
These are fundamental factors that influenced the success of the green revolution in Asia.
4 Table 1 Economic and agricultural growth in Sub-Saharan Africa, 1965-1990 1965-1973 1974-1980 1981-1985/87 1981-1991 Source: Calculated from data in Cleaver (1993 ), World Bank (1989 .
Notes: SSA = Sub-Saharan Africa HST = Humid and sub-Humid Tropics of Africa. See Figure 1 for countries covered.
However, they are higher than densities generally found in the West African semi-Arid 5 tropics. Excluding the Gambia, which has a density of about 88 Km/100Km2, densities in that region range from 1 Km/100Km2 for Mali to 19 Km/100Km2 for Senegal. Rural road densities in East and Southern Africa are generally higher than in the HST, except in Kenya where there is a substantial main road network, and Zambia, where there is a significant rail network. Zimbabwe for example, has a rural road density of 219 Km/100Km2, quite comparable to densities found in Asia.
The importance of rural transport infrastructure for agricultural development has been well established (Devres Inc., 1980; Ahmed and Donovan, 1992; Platteau, 1993) .
Research in Asia found that in villages with better access to roads, fertilizer costs were 14 percent lower, wages were 12 percent higher and crop output was 32 percent higher (IFPRI, 1990) . In Africa, rural road construction has been found to be associated with increases in agricultural production, especially in non-food export crops, expanded use of agricultural credit, increases in land values, proliferation of small shops and expansion of rural markets (Anderson et al., 1982) .
The rural transport system in the HST as in most of SSA, is grossly inadequate. Nigeria. These densities are much lower than those in other developing countries, and lower than required, given the existing population densities in the countries. The 5 "required" density for Nigeria in Table 2 is calculated using the level achieved by India in 1950, when she had a population density roughly equal to that of Nigeria today. The requirements for the other countries in the HST are calculated using a factor equal to the ratio of their present population density to that of Nigeria. The resulting figures in Table 2 illustrate that to achieve a road density equivalent to that in India at the start of the green revolution, HST countries should have an average density of 388 Km/1000 Km , roughly 2 six times what exists today. Densities should range from 47 in Congo to 718 in Nigeria.
Another major problem with the existing network is its poor state of repairs. It is estimated that half of the rural road network in SSA requires substantial rehabilitation (Riverson et. al., 1991) .
Available statistics show that only about 6 percent of the arable and permanent crop land in SSA is irrigated. This is a slight increase from the average of 5 percent in the late 1970's, and compares with an average of 25 percent for India and 47 percent for China (WRI, 1993) . For the HST only 2.5 percent of the crop land is irrigated (Table 3) The last column of Table 3 shows that the area that can be regarded as properly irrigated amounts to only about 395,000 ha in HST, with Madagascar accounting for 45 percent, and
Nigeria another 33 percent of the total. Despite heavy investments over the past three decades there has been very little increase in the area of crop land under irrigation in the HST. densities are less than that of India in 1950, required road densities are adjusted downwards in proportion to the present population density of the country.
ADOPTION OF IMPROVED TECHNOLOGIES
The literature is replete with references to the innovativeness of small farmers in Africa, and the fact that they have adopted new crops and improved practices over a long period of time. Recent studies have revealed high rates of return to research which has produced new technologies (Oehmke and Crawford, 1993; Sanders, 1993) and the extension systems that helped introduce the technologies to farmers Bindlish, Evenson and Gbetibouo, 1993) . However, adoption of improved technologies in the HST has been piecemeal, and not on a sufficient scale to lead to increases in per capita food production during the last three decades.
Improved Varieties
Modern, high yielding varieties (MVs') of wheat and rice spearheaded the green revolution in Asia. Much effort has therefore been put into developing such varieties for African ecosystems. For example, about 30 percent of the resources of the Consultative Group on International Agricultural Research has been devoted to germplasm conservation and varietal improvement research (CGIAR, 1993) . It is estimated that 60-70 percent of the area of rice, wheat and maize in developing countries as a whole is now planted to MVs (Byerlee, 1993) . The most important food crops in the HST are cassava, yam, plantain, banana, maize, rice, sorghum and cowpeas. Important non-food crops are cocoa, coffee, oil palm and cotton. There is very limited documented evidence of the level of adoption of MVs for these crops in the HST. Table 4 summarizes the data available, and show that adoption rates are low in the HST. Exceptions include Nigeria where 60 percent of the Equatorial Guinea, and Gabon) the HST average percent area irrigated was used in computing the area. From IRRI (1993) and Nyanteng (1986) . The HST average was used for countries d for which no data were reported in the above sources (CAR, Cameroon, Equatorial Guinea, Gabon and Mozambique).
The situation is better in the mid-altitude and highland areas of Eastern and Southern 6 Africa, with over 50% of the area planted to the staple food crop maize, as well as a substantial proportion of the soybean area, planted to MVs (Byerlee and Heisey, 1992, Howard, Chitalu and Kalonge, 1993) . However, in the Arid and semi-Arid tropics, the most extensive agro-ecological zone in Africa, the situation with regards to use of MV's is worse than in the HST (Matlon, 1990) .
The lack of adoption of IITA improved cassava varieties outside Nigeria in contrasts to 7 their success in Nigeria, is a clear example of the importance of post-harvest factors in adoption of MVs, although failure of the varieties to yield substantially more than traditional varieties, is also a factor in some locations (Spencer, Polson and Kaindaneh, forthcoming Where successes are being recorded with MVs in the HST, as in most of SSA except for maize in the mid-altitude and highland areas of Eastern and Southern Africa, the MVs exhibit many of the characteristics identified by Spencer (1985) , Binswanger and Pingali (1988) and Matlon (1990) , as necessary for successful MVs in SSA. Such varieties are easily integrated into farmers inter-cropping systems, are nutrient efficient, pest resistant, stress tolerant, and meet farmers post-harvest needs (i.e., their processing and taste characteristics are acceptable to farmers and consumers). Nigeria ( Smith et. al. 1994) Nigeria (Nweke et al., 1988) , and over a doubling of sweet potato yields in Sierra Leone (Spencer, Polson and Kaindaneh, forthcoming) . Even in the case of Maize, a crop noted for its high input demands, fertilizer use by farmers who have adopted MVs is low (Byerlee and Heisey, 1992) .
Agronomy and Soil Management Technologies
The biggest constraints on increased agricultural productivity in the HST are poor soil fertility and weed competition (IITA, 1988 , Carr 1989 . The soils are very susceptible to degradation, and there is a tendency for soil productivity to decline rapidly with repeated cultivation (Nye and Greenland, 1960 , Lal, 1987 , Kang, 1993 . There has been virtually no small farmer adoption of improved soil and crop management technologies recommended by research and extension systems in the HST. As clearly hypothesized by Anderson (1992) , most of the recommended technologies, including chemical fertilizer use,
are not more profitable than existing practices, given the constrained resources of affected farmers. With the removal of fertilizer subsidies its use is becoming even less profitable, threatening to cause a reversal in gains already made. emerged from an experiment in farmers fields in Nigeria (Spencer, Akobundu and Oriade, forthcoming) . Four 100 m plots were maintained in farmers fields. One plot was kept weed 2 free by repeatedly hand-pulling all weeds and a second was kept free of Speargrass, a noxious weed (Imperatta cylindrica). In a third Speargrass was the only weed allowed to grow, and in the fourth farmers weeded in their usual way. Although the farmers weeding practice resulted in 22-42% reduction in crop yield, economic returns were the same or higher than that of the recommended practice, indicating that there was no economic benefit in adopting more intensive hand weeding practices.
of these practices have proved to be unprofitable under most small farm conditions. 9
Similarly, chemical methods of disease and insect control have proved to be uneconomical.
However, biological control methods in which natural enemies of pests are used to control them have shown some success. For example, the cassava mealybug has been successfully controlled in the HST (Neuenschwander et. al., 1989) , and a benefit-cost ratio of 149:1 was estimated for the biological control program which resulted from research by IITA and CIAT (Norgaard, 1989) .
ANTICIPATED CONTEXT FOR ECONOMIC DEVELOPMENT IN THE NEXT 2-3 DECADES
It has been shown that the infrastructure and other conditions in HST today are very different from those in Asia, and that adoption of intensive green revolution technologies has been very low. Since research yields its major benefits in the medium to long term, research managers need to plan for the situation that is expected to exist in the future. The question that arises is whether, and to what extent we can expect the conditions that existed at the start of the green revolution in Asia and Latin America to exist in the HST within the next two to three decades. If we expect "Asian" conditions to exist by then, research institutions will be justified in continuing to develop green revolution type technologies.
If not, new strategies should be put in place now that would lead to production of more appropriate technologies.
In this section we discuss some aspects of the physical and socio-economic landscape of the near future that is likely to significantly affect the types of technology demanded by small farmers in the HST in the next two to three decades.
LAND AVAILABILITY
The present population growth rate in the HST is about 3.2 percent per annum.
Based on World Bank projections, the average growth rate for the HST between 1991 and 2000 can be estimated at 3.0 percent. The total population of the HST is thus expected to increase from 204 million to 480 million by 2025. This means that population density will increase from 58 to 131 persons per Km , more than the present population density in China 2 (Table 5) . Most countries will have per capita arable land that is less than that of India in the mid 1960s'. There is no doubt that available crop land per person in most of the HST will be such as to make the need for intensification of agricultural production even more urgent than it is today.
LAND TENURE
Communal land tenure systems are predominant in SSA. The relevant question that arises within the context of this paper is whether the systems will still predominate in the HST within the next 20-30 years, and whether they will be constraining to agricultural development.
There has been no significant attempt to change land tenure systems in the HST, and there are no land registration and titling programs on the horizon. We can therefore expect the existing communal systems to continue to evolve as they have been doing in the past.
There is a continuing debate as to whether the communal systems are constraining on agricultural development. Place and Hazell (1993) have provided recent empirical evidence that with few exceptions, land rights are not a significant factor in determining investments in land improvements, use of inputs, access to credit, or the productivity of land. We can therefore agree with Cohen (1980) , Boserup (1981) , and others, who argue that traditional land tenure systems in SSA are dynamic, and are evolving in response to factor price changes. They should therefore not be a constraint to agricultural intensification over the next two to three decades.
CAPITAL SUPPLY
For output to grow at 4-6 percent a year, it has been estimated that SSA will need to raise investment from about 15 percent of GDP, where it was in the late 1980s, to about 25 percent (World Bank, 1989) . Total expenditure on human resource development should expand to 8-10 percent of GDP annually, double present levels. Infrastructure spending should rise to about 6 percent of GDP. The bulk of expenditure in productive sectors (estimated at 4 percent of GDP for agriculture and 3 percent for industry) should come from private sources. Net transfers from foreign sources amounting to 9 percent of GDP will be required between now and 2020. For the external resource requirements of SSA to be met, the World Bank says that donors would need to increase ODA during the 1990s at about 4 percent a year in real terms, put in place debt relief mechanisms so that annual debt service payments are at most no greater $9 billion for all of SSA, leading to a gross ODA requirement of $22 billion a year in 1990 prices.
It is beyond the scope of this paper to analyze in detail, the feasibility of achieving these targets. They are provided simply as a basis for comparing the magnitude of the 10 investment needed to create the infrastructure and other conditions for adoption of green revolution technology in the HST with the likely supply of capital.
IMPROVEMENT IN INFRASTRUCTURE
The green revolution in Asia was fueled by the adoption of high yielding, fertilizer responsive varieties of rice and wheat on irrigated lands. Many analysts have therefore postulated that adequate irrigation, and rural infrastructure, especially rural roads, are necessary for economic development in SSA. The question that arises is the level of investment in infrastructure that will be necessary in HST countries to create conditions that will make it possible to use green revolution technologies, and the chances of the countries making the required investment within the next 20-30 years.
For example, Binswanger and Pingali (1988) state "just as Asia's Green Revolution has 11 been most successful in irrigated areas or where rainfall is reliable, so irrigation will be necessary in much of Africa too if that continent is to have its own Green Revolution".
It should be stressed that the calculations in Table 6 assume that the average cost of 12 irrigation in SSA will drop to that of India ($3,500 per ha). If we use the present cost of about $12,000 per ha. annual capital cost rise to about $10 billion, or 15% of 1991 GDP for the India level, and $37 billion or 60% of 1991 GDP for the China level! Also, the figures do not include cost of operating and maintaining the systems, once they are in place.
Cost of Expanding Irrigation
The failure of large as well as small scale irrigation schemes in Africa are legendary, both in colonial days (Eicher, 1993; de-Wilde, 1967) , and more recently (Adams and Grove, 1984; Spencer, 1991; Cleaver, 1993) . However, because of projected reduction in per capita land availability, and the expected high yields from irrigated lands, most agricultural development strategies for SSA place much emphasis on irrigation.
11 Table 6 shows what it would cost each of the countries in HST to reach the present Tanzania (1/3)  175  613  77  10  59  50  21  Togo  187  655  82  5  28  12  40  Zaire  1016  3556  448  5  28  28  73  HST  6544  22909  2884  4  25  22 population density of the country.
As in the case of needed investment in irrigation the calculations do not include the capital 14 cost needed to rehabilitate the existing network, or to maintain the whole system.
Cost of Increasing the Coverage of Rural Roads
Green revolution technology evaluated earlier needs an effective rural transport system for input and output markets to function efficiently. For example, fertilizer, insecticides and herbicides need to be brought in and crops and livestock products sent to domestic and export markets. As indicated earlier, rural road densities in HST countries are well below those in Asia at the start of the green revolution. Table 7 shows that the investment needed in each HST country between now and 2020 to bring rural road densities to the level that existed in India in the 1950s, using an average construction cost equal to 13 the estimated replacement value of $50,000 per Km (Heggie, 1992) . About 210,000 Km of new rural roads need to be constructed at an estimated cost of $ 53.5 billion. This means that HST countries would need to invest $ 6.7 billion annually, using a discount rate of 12 percent, equivalent to 12 percent of 1991 GDP, 73 percent of annual export earnings, 62 percent of annual government expenditures, or four times the amount of ODA received annually.
14 How feasible are the investments above? First we note that even if the necessary finance could be obtained, it would not be possible to bring as much land as required under irrigation because the amount of irrigable land is not physically available. For Heggie (1992) .
example, the total irrigable land in Nigeria has been estimated at between 1.6 and 1.9 million hectares (Cleaver, 1993) , while area to be irrigated is 2.6 million hectares. Second, the total investment required, even just for rural roads, amounting to an average of about 12 percent of GDP, and ranging between 1 and 49 percent of GDP annually over the next three decades is double the 6 percent of GDP which the World Bank has set as the target rate of investment for all infrastructure in SSA. It is obvious that HST countries will not be able to provide the investment that would create a rural road network by 2020, that would be equivalent to the coverage that India had in the late 1950s', let alone meet the investment requirements to put a similar level of irrigation systems in place.
TECHNOLOGIES NEEDED IN THE NEXT 2-3 DECADES
It has been shown above that the infrastructure conditions that ensured the success of the green revolution in Asia do not exist, and are not likely to exist in the HST within the next two decades. Attempts to introduce input intensive, infrastructure dependent, irrigation based green revolution technologies into Africa have generally met with failures.
On the other hand population growth in the HST is expected to result in per capita land availability similar to those in Asia in the first quarter of the next century, and agricultural production must rise at an aggregate rate of at least 5 percent per annum if minimal economic growth and poverty alleviation targets are to be met. With this scenario, we can lay out some of the essential characteristics that agricultural production technologies must have if they are to serve the needs of the HST during over the next two decades.
a)
Intensive production systems are needed. However, such systems must also result in significant increases in seasonal labor productivity, because there is evidence that this is the principal scarce factor of production in the HST, although it will become less so as population densities increase. The systems must be profitable given constrained resources of the small farmers, including the riskiness of the technologies. e) Input efficient modern crop varieties are needed that are disease and pest resistant as well as stress tolerant. They must fit easily into the farmers intercropping systems which should be maintained to assure sustainability of the systems. MVs must meet local post harvest requirements in terms of taste and cooking qualities, so that they can satisfy farmers household as well as any domestic urban market or export needs. Furthermore such varieties, must be infrastructure efficient, i.e., they should not require services such as modern and specialized storage or seed multiplication systems, which will be out of the reach of most countries in the next two decades.
DEVELOPING APPROPRIATE TECHNOLOGIES
Are research institutions serving the HST producing an adequate stream of technologies that meet the characteristics above?. In reviewing the situation relating to the availability of MVs for food crops in the HST, Carr (1989) (Anderson, Pardey and Roseboom, 1994) . However, the growth rates have slowed down significantly in recent years. More importantly there has been a decrease in expenditure per researcher. Although the decline is partly due to a substitution of less expensive national researchers for expatriates, it also reflects a decline in the operational budget available to researchers in NARS, thus decreasing their ability to carry out the necessary research. Also, only about 0.5 percent of agricultural GDP is invested in agricultural research in the region, compared to a global average of 0.7 percent and 2 percent in more-developed countries.
This proportion needs to be increased if research systems are to have the necessaryoperational funds to meet the challenges they face. Adequate funding for NARS 15 in SSA in the future will not on its own guarantee that they will develop the technologies needed for sustained agricultural growth in the near future. NARS must carefully choose the set of issues on which they will concentrate their scarce resources. Smaller systems particularly need to enhance their capacity to borrow and adapt technologies from neighboring countries and the international research community.
CONCLUSION
Over the last three decades the rate of agricultural growth in SSA has not kept pace with population growth. In order to achieve a respectable rate of economic growth, provide food security and reduce poverty, the agricultural growth rate must be significantly increased in the future. Because of finite land resources and expected high population growth rates, land-labor ratios are expected to decline by 2020 to levels currently found in Asia. Consequently, intensified systems of production will be increasingly required. The question that arises for technology generation and transfer institutions, is whether the conditions that existed in Asia in the mid 1950s and early 1960s, at the start of the green revolution will exist soon in SSA, thus allowing the high input, irrigation based, infrastructure dependent technology that fueled the green revolution to be widely used in the future, even though not successfully used in the past. The question is relevant since many research institutions catering to the needs of SSA are geared up to produce such technology.
In this paper it has been shown that the investment costs of putting in place by 2020 the irrigation and rural road systems that existed in India at the start of the green revolution, are almost certainly beyond the capacity of the HST countries. They will, therefore, be forced to rely on a different type of intensified agricultural technology to fuel agricultural development. The basic characteristics of such technology include input and infrastructure efficiency, high returns to seasonal labor and sustainability. While some of these characteristics have been identified by other authors, the feeling that somehow things will change and available green revolution technologies can be used in the near future has persisted. It is now indispensable the we put this dream to sleep.
A review of presently available technology shows that the stock of technologies that meet the characteristics enumerated in this paper, is inadequate to meet the demands for agricultural development in the next 10-20 years. Increased attention therefore needs to be given to producing the desired technologies.
